Botanical research into taxa of the genus Fritillaria (Liliaceae), which until today have not been fully identified and in the taxonomy of which there were ambiguities and confusion, was conducted on the entire territory of Croatia from 2012 to 2014. We studied the existing taxa in Croatia, partly also their ecology and certain features, taxonomy and distribution in the continental, coastal and island parts of Croatia. the name Fritillaria messanensis raf. subsp. gracilis (ebel) rix caused most of the confusion with other taxa; however it was discovered at eight localities in southern Croatia, in the region of Konavle and the Dubrovnik riviera. Based on the analysis of populations at 90 localities, five taxa were recognized and described: Fritillaria messanensis subsp. neglecta rad donosi rezultate botaničkog istraživanja svojti roda kockavica, Fritillaria (Liliaceae), koje do danas nisu bile potpuno određene i u čijoj taksonomiji je bilo nedoumica i zbrke, a koje je provedeno na cjelokupnom području hrvatske od 2012. do 2014. godine. Proučavali smo postojeće svojte u hrvatskoj, djelomično njihovu ekologiju i neke osobine, taksonomiju i rasprostranjenost u kontinentalnim, obalnim i otočnim dijelovima hrvatske. Ime Fritillaria messanensis raf. subsp. gracilis (ebel) rix uzrokovalo je najviše zbrke u odnosu na ostale svojte; svojta je utvrđena na osam lokaliteta u južnoj hrvatskoj, u Konavlima i dubrovačkoj rivijeri. Na temelju analize populacija na 90 lokaliteta, utvrđeno je i opisano pet svojti: Fritillaria messanensis subsp. neglecta (Parl.) Nyman (endemična za hrvatsku), Fritillaria messanensis raf. subsp. gracilis (ebel) rix, Fritillaria meleagris L., Fritillaria montana hoppe ex W.D.J.Koch i Fritillaria graeca Boiss. & spruner subsp. thessala (Boiss.) rix, s jednim lokalitetom na otoku Pagu. revizija herbarija uključila je četiri hrvatska herbarija.
INtrODuCtION
to date in Croatia there has been no systematic and comprehensive research into the taxa of the genus Fritillaria (Liliaceae), and it is not fully known which taxa inhabit its territory. We established that the rather unclear criteria for distinguishing individual taxa, the numerous synonyms and inadequate identification keys caused major problems in our work. In addition, the existing data on Fritillaria in Croatia in the last hundred years or more have not been taxonomically evaluated, so in that sense this work represents a revision of the current situation. the large number of populations shows the complete absence of flowering in some years, "an explosion" of flowering in some populations, a flowering time difference of up to 30 days from the usual time of flowering, sympatric populations with synchronous or anachronous flowering with great population variability, large horizontal and especially vertical distribution and a relatively short period of flowering -all phenomena that require many years of field work. the result is a relatively small total number of known localities for the genus Fritillaria in Croatia, except for the data about localities of F. meleagris L. , to which we added nine localities, some of which were previously unknown. this paper does not include F. imperialis L. which is known in Croatia only as a horticultural plant.
the revised herbarium material of the genus Fritillaria from the four Croatian herbaria is given as specimina visa after each taxon, respectively.
Previous research
the taxa Fritillaria montana hoppe ex W. D. J. Koch, F. messanensis raf. and F. neglecta Parl. (visiani, 1852; Parlatore, 1852) in the genus Fritillaria were recorded in the mid19th century for the regions of Dalmatia and Istria. the first systematic exploration of the entire Croatian flora (schlosser-vukotinović, 1869) recorded four taxa in the genus: F. meleagris L., F. montana hoppe, F. messanensis raf. and F. involucrata All. (syn. F. nervosa Willd., F. pyrenaica Clus.) . the number of localities in which they are found is increasing, while older localities to date have not been confirmed, for various reasons (urbanization, mines, changes in habitat conditions, inaccessibility). such are, for example, sv. Marko, voz, Prolog, visočica, Mosor. Fritillaria montana hoppe ex W. D. J. Koch and F. involucrata were recorded for the area surrounding Dubrovnik (visiani, 1852; Adamović 1887 Adamović , 1911 . Fritillaria messanensis raf. (syn. F. pyreanica C. Presl), F. tenella M.Bieb. (syn. F. montana hoppe ex W. D. J. Koch), and F. neglecta Parl. were recorded for the area of the Croatian northern coast (rossi, 1930) . the Prodromus of Balkan Peninsula flora (hayek, 1932-1933) cites three taxa for the area of Croatia: F. meleagris L., F. tenella M.Bieb., F. gracilis (ebel) Asch. & Graebn. and F. liburnica B. Lengyel (Lengyel, 1933 (Lengyel, -1934 for Istria (učka) . research into the flora of velebit (Degen, 1936) revealed three taxa in the genus: F. meleagris L., F. montana hoppe ex W. D. J. Koch and F. gracilis (ebel) Asch. & Graebn. A number of new localities that are mainly repetitive and likely to expand slightly had been stated for the latter. Degen's paper combines F. gracilis (ebel) Asch. and F. neglecta Parl. into one taxon. two taxa have been recorded in the flora of Biokovo: Fritillaria tenella M.Bieb. and Fritillaria gracilis (ebel) Asch. & Graebn. (Kušan, 1969; rix, 1980) , five taxa that occur in the southern part of the Balkans, that is, in the former Yugoslavia, have been recorded in the flora of europe. Domac (1994) lists three taxa in the genus Fritillaria. the book endemic Plants (Šilić, 1984) contains an error, the described taxon F. messanensis subsp. gracilis being accompanied by the image of the taxon F. messanensis subsp. neglecta (Parl.) Nyman, and not F. messanensis subsp. gracilis. During years of research into the flora of Mt. velebit (forenbacher, 1999) , and not taking into account a generally accepted european taxonomy (rix, 1980) , three taxa were recorded: F. meleagris L., F. tenella M.Bieb. (and not F. orientalis Adams) and the non-existent F. gracilis Asch. & Graebn. the picture disclosed in the book 'velebit and its flora' shows F. messanensis subsp. neglecta (Parl.) Nyman, not F. messanensis raf. subsp. gracilis (ebel) rix. the best known and most widespread F. meleagris L. has been recorded in a hundred or more localities in Croatia . taxonomic uncertainties continue to be present in the listing of Croatian flora (Nikolić, 2000) which specifies four taxa for Croatia, where together with F. messanensis raf. subsp. gracilis (ebel) rix, F. messanensis raf. subsp. messanensis is listed, although until the present day it has not been confirmed in Croatia, in spite of the former Yugoslavia being given as a part of its range. the taxonomy and the nomenclature used there is outdated (rix, 1980) , as today the valid name for F. orientalis Auct. fl. eur. is F. montana hoppe ex W.D.J.Koch. the list of Croatian flora was the basis for the Croatian red Book of Plant species (Nikolić et al., 2005) , where F. meleagris L. and F. messanensis raf. subsp. gracilis (ebel) rix are listed as endangered, with all previous and a number of new localities, but under the name of the latter taxon there is a photograph that does not match the taxon or the accompanying text. some localities in Croatia are listed in the description of the karyologic picture of F. messanensis raf., and three taxa in the rank of subspecies are defined within this species (Kamari et al., 2006) . Fritilaria montana hoppe ex W.D.J.Koch with 2n = 18 chromosomes was found at the locality Aržano (Aquaro et al., 2007) .
further analytical approach finally defined F. messanensis subsp. neglecta (Parl.) Nyman as a fourth subspecies, seemingly endemic to Croatia and described for Istria . Bartolucci et al. (2009) studied also biometry of F. montana and Peruzzi & Bartolucci (2009) its complex from the central Mediterranean. this marks the setting of the taxonomic framework for the taxa of the genus Fritillaria in Croatia. however, in the Manual for determining the terrestrial habitats in Croatia (topić et al., 2009) , as well as in the regulations on strictly protected species (Ministry of environment and Nature Protection, 2013), the same taxonomic confusion and inconsistency is continued, even more so in studies of the flora of Istria (rottensteiner, 2012) . Describing the new localities of F. montana on the mountains of Papuk and Krndija, tomašević et al. (2012) expanded the so far known distribution of this taxon in Croatia; however, the photograph shows F. meleagris L. In documentation of the finding of Chouardia lakusicii (Šilić) speta in the Dubrovnik area in Croatia, F. graeca Boiss. & spruner and F. messanensis raf. subsp. gracilis (ebel) rix (ruščić et al., 2012) are mentioned.
MAterIAL AND MethODs from 2012 to 2014, and previously from time to time since 2000, research into taxa of the genus Fritillaria was conducted in Croatia. the research fundamentally consisted of fieldwork. this was the first time for research to be extended to the whole of Croatia. We tried to determine the current status of distribution of populations and to find as many populations as possible of existing taxa and by biometric and other kinds of analysis to identify taxa in the genus Fritillaria in Croatia.
Detailed biometric measurements were taken, based on the features of plants in various types of populations and the following data were recorded: date, name, altitude, coordinates, characteristics of habitats, population size (density) and surface. the data were obtained by examination and measurement of several specimens, at least 10-20, wherever possible. samples were selected randomly, avoiding extremes, and their average values were recorded: stalk: height; leaf: number, arrangement of upper, middle and lower, dimensions, shape; flower: number, total length, width in the middle, colour, shape, fascia presence/absence, quadrant fields presence/absence; tepals: dimensions, top, colour; nectarium: distance from the base of the tepal, shape, dimensions, edges, colour and other. to highlight the nectarium, the tepal from the inside is shown by photography. Photographs of some characteristic habitats and some populations at the time of flowering are also shown, as well as individual specimens or groups of plants, and one unique sample. Numerous localities were visited at the time when the plants were fruiting and samples of seeds and fruits were photographed. some animal pollinators, or those which feed on plant parts or have their microhabitats in dried fruits were also recorded.
some of the localities were visited 2-3 times due to phenological anomalies or lack of flowering in a full population (Poštak, Ljubovo, vučevica, hvar -sv. Nikola et al.) . An effort was made to investigate the folk names of certain taxa that have been recorded in literature and/or are in use today. the distribution of all identified taxa in Croatia is shown on maps of the localities. All of the research into taxa of the genus Fritillaria in Croatia in this paper was conducted on living material. An exsiccate was made for each taxon except for F. meleagris.
In addition, revision of herbarium sheets of Fritillaria species was performed in four Croatian herbaria (ZA and ZAhO (faculty of science, university of Zagreb), ZAGr (faculty of Agriculture, university of Zagreb), CNhM (Croatian Natural history Museum, Zagreb)). resuLts
Habitats
the most common habitats in Croatia are xerophylous grasslands of different vegetation types on a limestone substrate, almost from the sea level to the highest parts of mountains. some taxa grow in rare but dense Mediterranean deciduous forests and thickets, so in early spring flowering plants prevail in some places. Only F. meleagris inhabits hydrophilic and periodically flooded grasslands, meadows and pastures, mainly in the northern lowland parts of Croatia. this species also appears, but rarely, within some lowland deciduous forest communities in areas with sparse vegetation, as well as on hydrophilic mountain meadows of Bunovac on Mt velebit at a height of 1204 m a.s.l. (fig. 1) . 
Localities
Only a fraction of the population is found at localities referred to in the literature and which we could geographically identify as such and determine their continuity. senj and its surrounding area can be taken as an example of such a locality (no. 82). It was first mentioned in 1873 by viktor Mihailović, a teacher at the Gymnasium of senj (Mihailović, 1873) , and also confirmed in the mid-20th century (rossi, 1930) , and a few years later (Degen, 1936) by the words "nur nach heute". At the same locality we found F. montana in 2013, which indicates the continuity of its existence and finding during an interval of 140 years. some of the localities are given in the literature in general terms only, such as Lika, Dalmatia, Biokovo, velebit, around Dubrovnik, and for us this had little practical value. At some localities from the literature we did not find any Fritillaria population. 13. Iv 2006 , 26. III 2009 , 17. Iv 2009 , 27. Iv 2009 , 13. Iv 2012 , 19. v 2012 , 29. vII 2012 , 12. Iv 2013 , 3. v 2013 , 24. v 2013 , 29. vI 2013 76˝, 966-990 m, 11. v 2011 , 12. v 2011 , 18. v 2012 , 29. vII 2012 , 30. III 2013 , 24. Iv 2013 , 2. v 2013 , 27. Iv 2014 43˝, 1126 m, 22. v 2004, 28. v 2004, 10. v 2007, 18. v 2013, 20. v 2014 (F. montana Mutual comparison enabled us to determine how important and less important features can serve as criteria to distinguish each taxon clearly. A combination or a set of these features can also be considered important. Important features are those that in a certain combination are typical for a particular taxon and are at the same time essential for the differentiation of all relevant taxa in Croatia. such important individual biometric properties are as follows: plant height; number, length, width and arrangement of leaves on the stem; number, length, shape and colour of flower; presence or absence of fascia on tepals, formation of tepal´s apex, presence or absence of quadrant fields; length, width, shape, colour and edges of the nectarium. Of course, some ecological characteristics are also important, such as flowering time and altitude. All other features are less important. they can perhaps only help in closer analysis of intrapopulation and intraspecific variability or supplement a more detailed description of a taxon. such properties, for example, are those relating to the fruit and seeds. An example of the population in Metajna on the island of Pag shows how the fruits in the same population can significantly differ in shape ( fig. 2) . 
sOMe POPuLAtION feAtures
Because of our years of fieldwork and the discovery of many populations of taxa in the genus Fritillaria we were able to observe a number of biological phenomena that otherwise in a one-time reconnaissance and study of only one population or a small number of plants of the population can hardly be noticed.
the vegetation of an entire population may fail one or more years. that happened at several localities in 2012, 2013 and 2014. At the locality of Mt Poštak (Loc. Poštak 2) in these years, of thousands of specimens only a dozen or a few dozen flowered, and on the island of hvar, Loc. 60 sv. Nikola, in 2013 there was not a single specimen. the interesting fact of these phenomena, which may indicate the presence of two or more sympatric taxa, as is the case with populations at Blace (Loc. 4), can be expressed in such a manner that a specimen of one taxon can be completely absent in its vegetation one year, and a specimen of another sympatric taxon at the same time will grow in full vegetation. In the same habitat, therefore, two or more populations of different taxa can grow, but flower asynchronously, which is a good indicator for the distinction of species. the time difference as the cause of reproductive isolation can amount to 15-25 days.
In populations of taxa in the genus Fritillaria plant emergence, growth and flowering can take place very quickly and last for a short time.
In a large number of populations, flowers that have one or more holes on tepals formed by insect activity can be noticed. Among insects found on the genus Fritillaria, the lily beetle, lilioceris lily (scopoli, 1763), which feeds on plant components, is often present. salticid spiders (Araneae: salticidae) can inhabit dry fruits.
tAXA Of the GeNus Fritillaria IN CrOAtIA
Based on detected populations and their specimens at 90 localities in Croatia and their mutual comparison and the determination of individual taxonomic status, the following taxa can be identified in Croatia:
Fritillaria meleagris L.
stem height (17-)20-30(-35) cm, naked or waxy. Leaves 4-6, alternate, linear, pointed tip and bent downwards, the longest 14-16 cm long, wide 5-8(-9) mm. flower one, very rarely two, (33-)42-43 mm long in the middle, (25-)28-32 mm wide, cylindrical and at the end of flowering slightly bell-like. tepals purple brown to red brown and pink, with a clear pattern of squares, tip blunt or pointed, inner slightly longer and wider than the outside. Nectarium 9-10 mm away from the base perigonial leaf, linear, 9-11 mm long and 1-2 mm wide, clear edges, brown black, at the beginning of flowering brighter.
Notes: heliophilous to semi-sciaphilous plant. It flowers from the end of March to mid May. We recorded it at nine localities. the taxon is known from about 120 localities and every year new ones are discovered. It mostly inhabits moist to swampy grasslands, meadows and pastures, and to a lesser extent deciduous forests and thickets of lowland areas of Croatia, and, rarely, mountains up to 1200 m in altitude. Populations may be small with a dozen or fewer specimens, as well as very large with thousands of specimens on areas up to 20 km 2 and more. One of bigger populations is located near the village of Donja rašenica (Loc. 83) on moist meadows and pastures. It is widespread all over europe. the only proven large population in moist to swampy mountain meadows is the one from Bunovac valley on south velebit mountain (possible danger of mines in this area!) where flowering lasts from the end of April to mid May. In this environmentally exceptional and isolated population we found a specimen that has opposite lower leaves; most of the plants have only 4 leaves, and one specimen has the upper leaves in whorls, which indicates a certain degree of diversity due to habitat specificity and isolation. this species is protected by the Nature Protection Act of 1958 in the whole of Croatia and on the basis of the Nature Protection Act from 2013 (Official Gazzette, 2013a) , it was also included in the Ordinance on strictly Protected species in Croatia (Official Gazzette, 2013b). , linear, the lowest linear lanceshaped, the largest up to 14 cm long, width up to 13 mm, upper alternate, opposite or whorled, middle alternate or opposite, lower opposite to alternate. the leaves have a prominent central furrow, vertical or peak areas are slightly bent downwards. Lower leaves at almost half of the stem height, or low near the ground. flower 1-2(-3), 28-40 mm long, wide in the middle (13-)23-27 mm, dark purple, cylindrical, without clearly visible quadratic fields. tepals with rounded tip with a small nib, the widest in the upper part, without fascia, with poorly visible quadratic fields inside, or without them. some flowers have tepals with tip bent outwards and leaves of the inner ring are partly yellow bordered on the outside. On some specimens a yellow green stripe that disappears towards the ends is observed. Nectarium 4-7 mm from the base of tepal, ovate to oblong, 6-8 mm long and 4 mm wide, greenish yellow with clear edges, the largest compared to all other taxa in Croatia.
Notes: sciaphilous to semi sciaphilous, rarely heliophilous taxa, strong unpleasant odour during flowering. Discovered at eight localities in the southern part of Croatia with the western border at Gornji Brgat. Widespread in the southern part of the Balkan Peninsula and the former Yugoslavia. It flowers in southern Croatia during April just before the leafing of forest stands. habitats are rare to dense deciduous forests with 
Fritillaria messanensis subsp. neglecta (Parl.) Nyman

syn. Fritillaria neglecta Parl.
stem height 37-45 cm tall, green. Leaves 7-10, green with a waxy coating and veins clearly visible from below, slightly spiral, the largest up to 14 cm long, width 14 mm, the upper and middle alternate, more or less upright, lower leaves opposite to alternate and protruding almost horizontally. the leaves low on the stem, or absent in the lower third of the stem, all linear lance-shaped. flower 1, rarely 2 or 3, 32-35 mm long, 23-29 mm wide, red brown, with yellow greenish fascia, barrel-shaped to slightly bell-shaped, no quadratic fields or they are barely visible. tepals on top blunt, with a small nib, the widest in the upper third. Nectarium 5-7 mm from the base of tepal, oblong triangular to oblong oval, 4-6 mm long and 3-4 mm wide, down: clear brown edges, up: unclear edge and brighter. Note: this taxon has been recorded at 36 localities, from Istria, where it was described for the first time as endemic long ago within the Italian flora (Parlatore, 1852) , and again recently described in detail in the taxonomic status of a subspecies of Fritillaria messanensis s.l., from Istria to Konavle; it resides in the mountainous areas of the southern part of Croatia up to altitudes of approximately 1500 m (Mt velebit, Mt Biokovo) . According to chorological knowledge, this taxon has remained endemic to Croatia. It was unrecorded in recent literature concerning Croatian flora, except in rottensteiner (2012), due to its usually being placed within F. messanensis subsp. gracilis, and in this respect it fully deserves its name. habitats are mountain xerophylous grasslands on limestone with larger or smaller shares of bushes, but it is found also in the Adriatic, Mediterranean part of Croatia, as well as on the Pelješac peninsula (Loc. 57, 58) and the island of Korčula (Loc. 61) where it grows on scarce rocky xerophylous grasslands and rocky ground or within bush vegetation along the edges of forest stands (Loc. 59). Populations are small, up to 10 specimens, or medium in size with a few dozen specimens. It flowers during April. It is easily visible and recognizable with its well-known quadratic fields and distinctive fascia on the tepals. lilioceris lily (scopoli, 1763) is common on plants. Live jumping spiders Pellenes seriatus (thorell, 1875) and Pellenes tripunctatus (Walckenaer, 1802) (Araneae, salticidae) inhabited dry fruits in October 2013, Loc. 30. 
Variability:
A plant with wide (20 mm) and shorter leaves, more or less upright and twisted and the lowest ones almost on the ground. Nectarium 4-5 mm from the base, oblong ovate, 5-6 mm long, 3-4 mm wide, dark brown to black, upwards brighter, clearer edges in the lower part, upwards unclear and irregular. stem height (17-)42-52(-60) cm, bluish to slightly waxy, stems and leaves are covered with dirty white lenticels. Leaves (5-)6-12, green, bluish, linear shaped, the longest up to 9 cm long, width 9 mm, upper whorl-like or alternate or opposite, middle alternate, lower alternate, rarely whorl. Leaves spirally twisted and upright, between the middle and upper leaves a sizeable gap, grow also in the lower third of the stem. flower 1, 2 frequently (about 20% of plants), rarely 4, (15-)22-30 mm long, (16-)18-24 mm wide, redbrown, barrel-shaped, rarely slightly bell-shaped, with poorly visible quadratic fields. tepals on top blunt to pointed, greenish, reddish brown in the remaining part, without fascia but in its place more or less greenish stains, on the inside yellow green with dark spots, rarely tips bent slightly outward. Nectarium 4-5 mm from the base of tepal, honey- hole oblong, 15 mm long, 2-3 mm wide, clear edges to the unclear, dark brown, interior mostly greenish or black. from the honey-hole there is a yellowish greenish stripe about 2 mm wide, clear or less visible that extends all the way to near the top of the tepal.
Notes: this taxon has been recorded at 42 localities from Istria to Konavle, from continental parts of Croatia (Mt Papuk) to middle and south Adriatic islands (hvar, Korču-la). It usually inhabits mountainous bright xerophilic to mesophilic grasslands and rocky grounds with smaller or larger shares of shrubs, this species is rarely semi-sciaphilous within clearings of forest stands. there are populations of only a dozen specimens, but also those with a thousand or more. the largest populations known to us in Croatia are on the grasslands of Ljubova (Loc. 65) and Mt Poštak (Loc. 68, Poštak 2). thus the recognized taxon is distinguished by the large variability in almost all physical characteristics. As with the previous one, more research within this taxon is needed in order to identify some possible subspecies or forms present in Croatia. In some localities the taxon is sympatric (Loc. 4, 23) , growing together with populations of Fritillaria messanensis subsp. neglecta (Parl.) Nyman.
flowers are visited by robber flies of the genus laphria (Asilidae, Diptera). On a larger number of plants the beetle lilioceris lily (scopoli, 1763) has been observed. Many plants have holes in flowers or chewed leaves. A spider with cryptic coloration was also observed on one flower. salticid spiders (Araneae, salticidae): Pellenes seriatus (thorell, 1875), P. tripunctatus (Walckenaer, 1802) and Phlegra sp. were discovered during October 2013 in dry fruits of taxa in the genus Fritillaria.
Common name: gorska kockavica (exsiccate 2, No. 38600 (fCD), figs. 9, 10, 11) stem height (10-)21-25(-33) cm tall, waxy in the top part. Leaves 10-12, grow from ground level and relatively densely arranged, green, slightly covering the stem, the length of the largest is up to 10 cm, width of the lower, linear lance-shaped is 8-14(-20) mm, the middle and upper alternate, opposite or whorled, upright, the middle at an angle of 45 0 , the lower opposite, rarely alternate, almost horizontal. the lower pair of leaves grows at ground level and somewhat lower, mostly spiral or improperly crimped. Most of the leaves are in the lower half of the stem. flower 1, rarely 2, 3(-4), length (12-)26-27 mm, width up to 20 mm, dark purple, sometimes greyish, barrel shape, near the end of flowering widely bell-like. tepals with blunt rounded tip, or slightly pointed, with a clear yellow-green fascia, without or with poorly visible quadratic fields. Nectarium 7 mm from the base, roundish oblong, (3-)4-5 mm long and 3 mm wide, the edge towards the basis dark brown and clear and upwards vague, greenish grey colour and a bit darker than the fascia.
Note: this taxon was not previously reported for Croatian flora. It occurs only at Loc. 46, Metajna on the island of Pag, in a large population with a few demes and more than a thousand specimens, the majority of the inhabited area covers only a few meters to tens of meters from the sea level. habitats are almost naked Mediterranean rocky grounds or rocky grounds with sparse xerophylous herbaceous vegetation or a few low shrubs. It is a heliophilous taxon that grows in habitats of various exposures. the population covers the entire small peninsula south and southeast of the village of Metajna, but with individual specimens extends along the southern and northern slopes of the hill Panos (218 m). the total populated area is about 6-7 km 2 (Map 4). It flowers from late March to late April. It inhabits habitats of predominantly southern and northern exposures and is well adapted to extreme temperatures and extreme soils in this part of the island of Pag. this is evidenced by the relatively large specimens in deeper ground that, on average, reach a height of 25(-33) cm, as well as those on almost bare limestone rocks, which are barely 10-15 cm high. such plants are located within a radius of 5 km from the village Metajna.
Our plants fit well with the description of this taxon given in the flora of europe (rix, 1980) , which confirms the assumption about its occurrence in the former Yugoslavia (Bazosu, 2011) . Deviations are only in the distribution of leaves on the stem, predominantly in the lower part and curled lower pairs of opposite leaves and their position and growth at ground and even below ground level. In taxonomic terms, these differences are considered only as special forms of this taxon in habitats of the island of Pag, but this opens the possibility for further research into the taxonomic status of plants at this locality.
Common name: grčka kockavica, paška kockavica (visiani, 1852) and in the flora of Croatia (schlosser et al., 1869) and later, we believe that this was misapplied to the plants we know today under the name F. messanensis subsp. neglecta (Parl.) Nyman. the latter taxon is stated in the flora of Italy (Parlatore, 1852) to be endemic to the area of Istria. since then, two names have been applied to the same biological unit, and this was the first cause of confusion in relation to the recent Fritillaria messanensis subsp. neglecta (Parl.) Nyman . this confusion continued with the unjustified introduction of the name F. involucrata All. (schlosser et al., 1869) for the same floristic unit, which is somehow justifiable by the key that was 3 3a 3a
IDENTIFICATION Key for taxa in the genus Fritillaria in Croatia
F. messanensis subsp. gracilis F. montana F. meleagris used then, which mainly used some irrelevant morphological and anatomical features. today we know that F. involucrata does not occur in Croatia, representing a species endemic to the Maritime Alps (tutin et al., 1980) . Since F. messanensis subsp. neglecta (Parl.) Nyman was found at 36 localities, our opinion is that for now there are no legitimate reasons for undertaking protection measures, partly because a part of its population is already located in protected areas of nature in Croatia (Nature Park učka, Nature Park velebit, Nature Park Biokovo).
the description of this floristic unit (Nikolić, 2000; Nikolić et al., 2005; Alegro et al., 2010) , as well as other data, referred to a misapplied name, i.e. F. messanensis raf. subsp. gracilis (ebel) rix.
the problem is further complicated by the introduction of the names Fritillaria gracilis (ebel) Asch. & Graebn. and lilium gracile ebel, today understood as synonyms of Fritillaria messanensis raf. subsp. gracilis (ebel) rix (hayek, 1933; Degen, 1936 , Kusan, 1969 , which, for example, does not exist on Mt Biokovo. however, all these are actually misapplications for F. messanensis subsp. neglecta (Parl.) Nyman. the cause of this taxonomic confusion lies in the fact that within the polymorphic F. messanensis raf., at first only three subspecies were recognized (Kamari et al., 2006) , and only later a fourth one .
so, the question of whether researchers of Croatian flora knew about the existence of the authentic F. messanensis (raf.) subsp. gracilis (ebel) rix in southern Croatia can reasonably be asked. since systematic studies of Fritillaria are lacking, we are convinced that, to date, this subpecies had not been detected in Croatia. this is supported by the fact that nowhere so far in the area of Konavle, except for Mt sniježnica referring to F. montana, has any locality been given or the name of any place or habitat in which it grows today.
After the field research conducted in southern Croatia, we determined the existence of the "true" F. messanensis raf. subsp. gracilis (ebel) rix in the country, and presented a description, other information and a map of localities, which correspond to the information and description in contemporary literature. this subspecies is found only in southern Croatia, in Konavle and the Konavle hills in the far western localities in Gornji Brgat near Dubrovnik, i.e. on the Dubrovnik riviera. Beside localities from the south of Croatia, in revised herbaria there are some specimens from localities that are situated outside this region. today, two more taxa of Fritillaria inhabit this part of Croatia, partly sympatric with synchronous flowering. As sciaphilous and semi-sciaphilous plants they inhabit mostly forest habitats and Mediterranean macchia, which substantially differentiate them from F. messanensis subsp. neglecta (Parl.) Nyman. Populations in Croatia are a natural extension of the western part of its range in Montenegro, where it inhabits the mountains rumija and sutorman, its locus classicus. We found it at eight localities, from those very low, Loc. 44, vitaljina at 130 m to about 750 m high in the hills of Konavle, Loc. 45, Njivice and documented it with photographs and exsiccates. With regard to the habitats and localities and the abundance of its populations, we believe that for now there is no real danger of the devastation and disappearance of this plant, and therefore, formal protection is not required. It should also be pointed out that F. messanensis raf. subsp. messanensis (incl. F. sphaciotica Gand.) should be excluded from the flora of Croatia (Nikolić 2000) , because according to the current knowledge, this subspecies does not exist in Croatia.
Fritillaria montana in regard to the taxonomic status represents a certain aggregate of morpho-anatomical characteristics . the biggest problem in identification is its relatively poorly visible linear nectarium, but if properly understood as a whole, and if studied on larger numbers of different populations, they can easily serve the purpose of reliable identification. A taxon with only one specimen plant was discovered at four localities (Loc. 47, 48 and 50 on Lastovo and Loc. 69 near Primošten). All specimens had a stem of about 60 cm tall, strong, with a lot of linear leaves and three flowers that were mostly smaller, down to half the usual size. recently, a number of localities of F. montana (tomašević et al., 2012) were discovered on Mt Papuk and Mt Krndija, also confirmed here.
A lot of work was done in the research and description of F. liburnica B. Lengyel (Lengyel, 1931) in Istria. In the flora of europe (tutin et al., 1980) (Kamari, 1991) .
Fritillaria graeca Boiss & spruner subsp. thessala (Boiss.) rix which we detected in a large population only at one locality on the island of Pag (Loc. Metajna) and monitored through several years in its natural habitat in the vicinity of the sea, comparing it with other taxa of the genus Fritillaria in europe (tutin et al., 1980) , represents a new taxon in the flora of Croatia.
We believe that its habitats should be included into the list of habitats of the island of Pag (Mesić et al., 2009 ) and considered as exclusive habitats of this taxon and specially marked and excluded from any possible urban devastation or any other human activities, at least those parts of the habitat in the immediate area of the village Metajna.
In announcing the finding of the species Chouardia lakusicii (silić) speta (hyacinthaceae) in the Dubrovnik area (ruščić et al., 2012) and documenting its habitat with a description of the associated plant communities, F. messanensis raf. subsp. gracilis (ebel) rix and F. graeca Boiss. & spruner are incidentally reported with no further information. since the first taxon is cited outside the known distribution, it is our opinion this record is not reliable. the other taxon mentioned at this locality leaves doubt because it has not been properly documented.
especially interesting are the relatively large populations of Fritillaria meleagris L. on the grasslands of Bunovac in southern velebit where plants grow up to an elevation of 1200 m in a mountain climate and flower during the month of May. Because of these variations in the number and arrangement of leaves, we believe that it is not necessary to separate this population with regard to morphological features in comparison to many of its lowland populations in Croatia, but it certainly points to the need for its further protection within the Paklenica National Park. from a chronological overview of botanical research in Croatia, it is evident that 12 taxonomically different taxa in the genus Fritillaria have been reported, which in itself speaks of the taxonomic confusion. however, today only four taxa are confirmed to occur, plus a fifth newly recorded: F. graeca Boiss. & spruner subsp. thessala (Boiss.) rix. the determination keys by which individual taxa have been differentiated (schlosser et al., 1869; hayek, 1933; Pignatti, 1982; Domac, 1994) were often based on a series of irrelevant criteria such as those pertaining exclusively to the leaves, stem, seeds or parts of the pistil, and we believe that this was one of the reasons for the lack of successful differentiation of certain taxa. for a better understanding of taxonomic relationships and differentiation of certain taxa that occur in Croatia, we have tried to avoid these inadequacies by generating a key which, in our opinion, is based on several important features.
CONCLusIONs
We produced about 220 geo-coded localities of Fritillaria in Croatia, pertaining to five taxa. During the three-year period, and for some populations even much longer, we have discovered 90 populations. All taxa, with the exception of F. meleagris L., are supported with maps of localities. the populations are emphasized in their remarkable variability and distributed from lowland to highland and mountainous parts of Croatia, including some islands, from a few meters to over 1500 m above sea level. A part of the populations of different taxa can be sympatric, and in terms of flowering synchronous or asynchronous. subject to certain environmental factors, the population dynamics, i.e. the number of specimens, from year to year, varies, and some populations may be completely absent for one or more years. flowering lasts from mid-March to mid-May, depending on the altitude. some populations of F. meleagris L. and F. montana are distinguished by their greater abundance of specimens and propagation on a large area, and they become dominant in certain plant communities during flowering time.
By establishing mutual taxonomic relationships based on the analysed populations and samples collected, we have identified the following species that should be entered in the List of the flora of Croatia in the genus Fritillaria:
